W orkers are inundated with health information. that is ambiguous, confusing. and sometimes frightening. Their sources of information (e.g., friends, popular press, featured story on the nigh~ly news) have varying degrees of reliability. After presented with information such as "recent findings" about this or that chemical, they want to know: Is the information accurate? How is it relevant to them? Should they be concerned?
Occupational health nurses are often called on to interpret and communicate health information to workers. When this communication relates to environmental or chemical exposures, it is termed ri~k~ommu nication. The purpose of this COIllmunication is to discuss the potential adverse effects of exposures and to defuse or modify unrealistic concerns (while at the same time, supporting realistic concerns). To respond appropriately, it is essential that consumers of information have up-to-date facts about the chemical, that they be knowledgeable about the actual risks associated with expo-sure, and that they know their options in terms of protecting themselves and their families.
The two articles reviewed in this column by Dr. Wendie Robbins focus on an environmental exposure that could potentially affect millions of workers and their families. The source of the exposure is plastic products, and the chemical is phthalate. The relationship between phthalate exposure and reproductive health is an example of an emerging environmental risk. These articles discuss the effect of phthalates on semen quality, and hence the fertility of men. The information presented by Dr. Robbins can assist occupational health nurses to more effectively respond to workers' personal concerns and questions about phthalate exposures and its effect on their reproductive health.
PHTHALATE EXPOSURE AND HUMAN SEMEN PARAMETERS (DUTY ET AL. 2003A) AND THE RELATIONSHIP BETWEEN ENVIRONMENTAL EXPOSURES TO PHTHALATES AND DNA DAMAGE IN HUMAN SPERM USING THE NEUTRAL COMET ASSAY (DUTY ET AL. 2003B)

Synopsis
The purpose of these two articles was to determine if exposure to phthalates at chronic, low dose, environmental levels was associated with adverse effects on human semen quality. Phthalates are high-production synthetic chemicals used in plastics and other common consumer products. Widespread use has led to contamination of drinking water, air, and food. The Centers for Disease Control and Prevention (CDC) reported detecting urinary metabolites of the following four phthalates in more than 75% of U.S. individuals tested as a human reference population (Blount et al., 2000) : monoethyl phthalate (MEP), mono-2-ethylhexyl phthalate (MEHP), mono-n-butyl phthalate (MBP), and monobenzyl phthalate (MBzP). Because phthalates are ubiquitous in the environment and have been identified as reproductive toxicants in animal studies, it is important to determine the risk to human reproduction (National Toxicology Program, 2003) . Semen is relatively easy to collect and examine in human research studies and is often used to assess toxic effects on human male reproduction.
Duty et at. evaluated semen specimens in a cross-sectional study during 2000 and 2001 to determine associations between phthalate exposure and semen quality. They reported their findings in two separate articles in 2003-one dedicated to evaluation of conventional semen outcomes (i.e., sperm count, motility, morphology) (2oo3a) and one dedicated to evaluation of sperm DNA integrity measured by single cell gel assay, also called the comet assay (2003b). The comet assay is believed to contribute additional independent information on sperm function in addition to conventional semen parameters (Trisini, Singh, Duty. & Hauser, 20(4) by measuring DNA strand breakage that migrates in ugarosc gel during electrophoresis. Duty et al. invited men between ages 20 and 54 to participate in the research study when the men presented 10 a Massachusetts hospital undrology clinic for semen analysis as part of an infertility work-up. A total of 143 men were included in the final analysis for the conventional semen parameter study (Duty et al., 2003,1) and 141 of these men were evaluated in the DNA comet study (Duty et ul., 20mb) . Exposure was assessed by measuring urinary concentration of eight different phthalate monoester metabolites in a single spot urine sample. Five different metabolites were detected in 75% to 100% of study participants and were used in the final analysis reported in both articles:
Male reproductive toxicity was assessed through 1I single semen specimen collected ut the hospital undrology clinic as part of the infertility work-up. Specific outcomes evaluated were: • Sperm count measured as the number of sperm cells per milliliter of ejaculated seminal fluid.
• Percent motile sperm counted as World Health Organization (WHO) grade A plus grade B (WHO, 1999). • Sperm morphology scored using Kruger strict criteria (Kruger & Coctzce, 1999 
CRITIQUE
This was a unique male reproductive study in that it provided some of the first human data on phthalate levels and male reproductive effects. The range of exposure levels for study participants could only be guessed prior to enrollment. However, participants were not expected to have substantial, but rather low dose, chronic exposures. In addition, the collection of a single urine specimen for exposure assessmcnt on the same day as a single semen sample for assessment of reproductive toxicity outcomes without historical exposure data was not typical for a semen research study.
The urinary metabolite analyses arc well described in the articles and were conducted carefully with reagent and method blanks, internal standards, quality control samples, blinding as to semen outcomes, and adjustment for specific gravity. The conventional semen analyses and computer-aided motility were well described in the articles, conducted without knowledge of phthalate levels. and conducted according to current standards for this field.
The single cell gel comet assay has only recently been adapted to sperm cells and, to date, there is little consensus across laboratories as to optimal method, but Duty et al. (2003b) described their particular adaptation of the method well. A common problem with the sperm comet assay is heterogeneity between cells that far exceeds what is seen when using somatic cell speci-mens and this can complicate data analysis and interpretation. Multivariate logistic regression modeling was used to explore relationships between each conventional semen outcome parameter categorized according to WHO reference values and each phthalate metabolite dichotomized using the median. linear regression modeling was used to explore the relationship between sperm DNA integrity measured in the single cell gel comet assay and each phthalate metabolite.
Strengths of the study include a relatively high participation rate for semen research (66%), although clinical clients tend to be more likely to participate than men in occupational or field settings. Collecting semen in a clinical setting equipped with an experienced andrology laboratory to immediately evaluate specimens for conventional parameters is also advantageous. Other strong points include the careful consideration authors gave to potential confounders (e.g.• age; abstinence time; smoking status; and race, although participants were primarily White), thorough statistical analyses, and measurement of urinary metabolites rather than parent compound because metabolites are believed to be the active toxicants.
A major weakness of the study design is generalizing findings from a single spot urine and single semen specimen. Sperm cells in the ejaculate of an adult human male are the result of a dynamic maturation process involving interaction of many cellular and hormonal factors and this process takes approximately 3 months to complete. Exposures at different time points during this dynamic process can have very different effects on the sperm cells depending on the underlying mechanism of toxicity. A single exposure measurement on the same day as collection of the semen specimen may not capture the true nature of toxic germ cell effects. The authors cite concern that participation rates may have been affected if multiple specimens were requested of study participants as the reason for collecting single, same day, urinary metabolite and semen specimens. Although the authors suggest the relatively short time interval for spermatogenesis lowers concern about the use of contemporaneous exposure assessment, this ignores the complexity of molecular-ccllular events that occur over time during sperm cell maturation and ignores the critical windows of sensitivity for effects on specific maturational stages of sperm cells that can result in altered semen parameters or DNA integrity.
Interpretation of comet data is also problematic. Multiple phthalate metabolites are compared across multiple comet parameters with a single metabolite (MEP) identified as significantly associated with a single comet parameter (comet extent). The fact that MEP is not a metabolite identified as genotoxic in publications using other test systems, and that tail moment is usually reported as a more sensitive measure of DNA damage than comet extent (McKelvey-Martin et al., 1993) , suggests this single significant finding for the cornet assay may be spurious. It indicates that the DNA integrity results must be interpreted with caution until replicated.
IMPLICATIONS FOR OCCUPATIONAL AND ENVIRONMENTAL HEALTH NURSES
Evidence is accumulating worldwide that shows region-specific declines in human semen quality and fertility (Auger, Kunstmann. Czyglik, & Jouannct, 1995; Carlsen, Giwercman, Keiding, & Skakkebaek, 1992; CECOS, Auger. & Jouannet, 1997; Giwercman, Carlsen, Keiding, & Skakkeback, 1993; Jorgensen et aI., 2001; Leke, Odurna, Bassol-Mayagoitia, Bacha, & Grigor, 1993; Swan, Elkin, & Fenster. 2000; Thompson, 1994; Toppari et al., 1996) . Media attention to this issue has resulted in growing concern among the lay public and has prompted multiple studies of workplace and environmental chemical contaminants as potential etiologies. In particular, attention has focused on agents that interfere with normal hormone function, particularly estrogens and anti-androgens. Because hormones act through dose-dependent functions that vary across sensi- Occupational health nurses may be asked by workers to interpretpublicized information on declining semen quality and fertility. Effects of exogenous exposures on human reproduction are especially relevant to large numbers of contemporary workers who choose to delay pregnancy and may then wonder about increased risk if exogenous exposures are compounded by age-related declines in fertility. When occupational health nurses review current literature in this area for evidence to guide practice decisions, it is important to consider that appropriate risk assessment data for ubiquitous compounds such as phthnlates that exert toxic effects at low, chronic exposure levels may not be found in traditional studies using high, acute, well-characterized exposure doses and routes. This has implications for occupational health nursing practice because the usual notion of safe exposure levels takes on different meaning. Low dose, chronic exposure to environmental contaminants from multiple, ubiquitous sources is difficult to estimate and reduce or eliminate through usual means.
To provide an example of current research, in which an attempt is being made to better assess risk from environmental level exposures for the population at large, two articles have been discussed that investigate effects of phthalates on human semen quality. Although the laboratory science and data analysis in the two articles is sound, interpretation of data is less clear because of the use of single, same-day sampling for phthalate exposure and semen quality, However, it does appear that some phthalate monoesters at environmental levels may be associated with poorer semen quality including lower sperrn concentration, lower sperm motility, and increased percentage of sperm with abnormal morphology.
Information on sources of exposure, routes of exposure, and timing of exposure are not given in the two articlesvonly biological monitoring data of phthalate level was reported. However. occupational health nurses can find summaries of information addressing what is currently known about sources, routes, and types of phthalate workplace or environmental exposures on the National Toxicology Program (NTP), Center for the Evaluation of Risks to Human Reproduction website (http://cerhr.niehs.nih.gov).
This website contains summaries of seven phthalates reviewed by a 16member expert scientific panel. The phthalateswere selected for evaluation based on characteristics such us production volume, extent of human exposure, evidence of reproductive and developmental toxicity, and public concern (Shelby, 2(02). Each report contains an "NTP Brief' summarizing in lay terms the chemical compound, estimated human exposure, and conclusions of the expert panel. These briefs could be helpful in communicating reproductive risks to couples worried about workplace or environmental exposures to this common class of chemicals.
